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A contact  analog d isp lay  calied path i n  t h e  sky (PITS) i n t e g r a t e s  informa- 

A r a t iona le  for and descr ip t ion  
t i o n  on a i rp l ane  a t t i t u d e ,  a i rp l ane  kinematic performance, navigat ion s i tua -  
t i on ,  and path predict ion i n t o  one iastrument. 
of each component of the PITS d isp lay  are presented. The coordinate  systems 
used to  generate  t h e  d isp lay  and the  emgnitudes o f  pe r t inen t  geometric charac- 
teristics s e l e c t e d  during t h e  d i sp lay  development are discussed. 
t he  total  PITS disp lay  are a l s o  included so that an understanding of  how the  
individual  display components i n t e r a c t  could be related. 

Examples of 

INTRODUCTION 

Advances i n  the  state of  t h e  a r t  o f  cathode-ray-tube (CRT) technology and 
microprocessor design, increasing costs of i n i t i a l  purchase and annual mainte- 
nance of mechanical instrumentation, and the increased f l e x i b i l i t y  o f  d i sp lay  
symbology have resu l ted  i n  the  increased u s e  of  e l ec t ron ic  CRT disp lays  i n  air- 
craft cockpit  design. 
both per iphera l  and primary d isp lays  i n  numerous mi l i t a ry  aircraft  (refs. 1 and 
2) .  
disp lay  information presentat ion and content ,  cockpi t  layout ,  and pi lot-crew 
procedures. 

Advanced cockpit  designs have u t i l i z e d  mult iple  CRT's for 

The f l e x i b i l i t y  offered by CRT d isp lays  has caused s i g n i f i c a n t  changes i n  

Contact analog d isp lay  formats appl ied to  the CRT may be s i g n i f i c a n t l y  d i f -  
f e r en t  from the  formats u t i l i z e d  i n  mechanical instruments.  Airplane a t t i t u d e ,  
navigation s i t u a t i o n ,  and f l i g h t  commands may be presented i n  an in tegra ted  man- 
ner w i t h  fewer d isp lays .  
load by reducing the instrument scan and by s implifying instrument in t e rp re t a -  
t i on  during complex f l y i n g  tasks. 

The po ten t i a l  therefore  e x i s t s  t o  reduce p i l o t  work 

The path-in-the-sky (PITS) display format u t i l i zes  the  f l e x i b i l i t y  of t he  
CRT t o  in t eg ra t e  information on v e r t i c a l  and lateral  navigation s i t c s t i o n ,  air- 
plane a t t i t u d e ,  a i rp lane  kinematic performance, and path pred ic t ion  i n t o  a s in-  
gle e l ec t ron ic  a t t i t u d e  d i r e c t o r  i nd ica to r  (EADI)  t h a t  is placed i n  f r o n t  of each 
p i l o t .  By appropriately in t eg ra t ing  t h i s  information, t he  p i l o t ' s  scan can be 
subs t an t i a l ly  reduced t o  a s i n g l e  d i s p l a y  while still  perceiving navigation- 
s i t u a t i o n  informatiul .  

The purpose of t h i s  repor t  is t o  descrLbe the  PITS d i s p l a y  concept and 
dynamics and t o  specify the magnitudes of s>me of the  pe r t inen t  geometric 
parameters. 
on a stand-alone graphics  computer f o r  evaluation purposea w i l l  a l s o  be 
presented. 

A br i e f  descr ip t ion  of how t h e  d i s p l a y  concept is implemented 



SYMBOLS AND ABBREVIATIONS 

CRT 

E3DI  

WOV 

FO V 

PITS 

x,y,z 

X' ,Y' ,2' 

ze 

23 

cathode r a y  tube 

e l e c t r o n i c  a t t i t u d e  director i n d i c a t o r  

e f f e c t i v e  f i e l d  of view 

f i e l d  of view 

path i n  t h e  sky 

Earth-fixed axes coordinates 

airplane-fixed moving axes coordinates  

v e r t i c a l  deviat ion that a i r p l a n e  may be below path w i t h  p i lo t ' s  eye 
look ing  d i r ec t ly  a t  rear of shadow path (see fig. 7) 

maximum height  that a i r p l a n e  may be above p a t h  before shadow d i s -  
appears  from bottom of display (see fig. 7)  

DISCUSSION 

The purpose of t h e  PITS d i sp lay  development is to  develop an  advanced 
p i l o t i n g  d i sp lay  that would g ive  t h e  p i l o t  s u f f i c i e n t  information on a i r p l a n e  
a t t i t u d e ,  performance, navigation s i t u a t i o n ,  and p red ic t ion  so t h a t  he could 
monitor or f l y  h i s  a i r p l a n e  on a programed path.  This  information is  t o  be 
presented on a s i n g l e  d i sp l ay  i n  a s impl i f i ed ,  understandable format that 
would allow a reduction i n  p i l o t i n g  work load and scan pa t te rn .  

Display Implementation 

The PITS d i sp lay  is implemented on an Adage AGT/130 stand-alone graphics  
computer. 
i f i e d  1s des i red  by t h e  programer during a preliminary d i sp lay  dynamics evalua- 
t i on .  Geometric parameter modifications and some display format opt ions may be  
changed by t h e  program user  without r equ i r ing  t h a t  t h e  program be recompiled; 
t hus  developmental time is  saved. 

The PITS program was w r i t t e n  so t h a t  t h e  display format could be mod- 

Pe r t inen t  geometric parameters may be r e a d i l y  changed i n t e r a c t i v e l y  through 
a per ipheral  set of d i a l s  and funct ion switches;  t h i s  allows t h e  program user  t o  
obserye t h e  d i sp lay  as he changes t h e  value of a parameter. These ad jus t ab le  
parameters include f i e l d  of view (FOV), eye pos i t i on  r e l a t i v e  t o  t h e  a i r p l a n e ,  
path size, a i r p l a n e  shadow s i z e ,  a i r p l a n e  symbol s ize ,  and a i r p l a n e  p i t c h  and 
v e r t i c a l  displacement. The function switches allow t h e  user  t o  select a dashed- 
l i n e  or s o l i d - l i n e  shadow symbol, a fl ight-path-prediction vector  on t h e  shadow, 
a display freeze, a roll scale, a d i g i t a l  readout d i sp l ay  of various geometric 
parameters and speed, and a path i n i t i a l i z a t i o n  function. 
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The d i sp lay  dynaatcs and a simplif ied kinematic airplane d e l  art, o a c  
puted in real tim to aslrist the p i l o t s  ami t h e  engineers during the displrp 
development and evaluation. Control i npu t s  t o  the simulated a i r p l a n e  are made 
with a two-axis oontrol  s t i ck .  The airplane's speed is con t ro l l ed  through a 
peripberal d i a l .  

Display Symbolo~ 

The forrat of the PITS contact  analog display shows airplane attitude 
information i n  the form of bank angle and p i t ch  changes. Airplane performance 
information is sboun i n  the form of a i r p l a n e  fl ight-path angle and fllght-path 
acce le ra t ion  (which m y  be used as thrust-  or energy-urnagcrsnt con t ro l ) .  
vertical and lateral path denfiations during a tracking task are shown i n  pic- 
torial i o n .  

Both 

Path-tracking s i t u a t i o n  information is shown through a coabination of an 
airplane symbol, a v e r t i c a l  project ion of t h e  a i r p l a n e  symbol with an extended 
cen te r  line drawn at the altitude of the path, a f l ight-path predictor, and a 
d r a u i q  of the programed path (fig. 1 ) . These four pieces of symbology are 
drawn i n  a perspect ive d isp lay  foraat as i f  the  observer 's  eye were located 
behind and above the a i rp l ane .  

The airplane symbol is a tetrahedron w i t h  a smaller tetrahedron a t  t h e  
tall to  v i s u a l l y  enhance pi tch changes. 
respect  to  the path is a t  t h e  symbol's apex. 
about its apex i n  accord with the  real a i r p l a n e ' s  a t t i t u d e .  

The a i rp l ane ' s  true pos i t i on  w i t h  
The symbol r o l l s  and pitches 

Al t i t ude  deviat ions from the  programed pa th  are indicated to  the  p i l o t  
p i c to r i a l ly  by a v e r t i c a l  project ion of the  a i r p l a n e  symbol. The project ion,  
dram with dashed l i n e s ,  may be thought of as a shadow; as shom i n  figure 2, 
it remains d i rec t ly  above or below the  airplane a t  the a l t i t u d e  of t h e  path.  
If t h e  a i rp l ane  is above the programed path, the  shadow appears t o  be below 
t h e  a i r p l a n e  symbol. 
appears to  be above t h e  a i rp l ane  symbol. 

If the airplane is below the programed path,  t he  shadow 

Since the shadow is always drawn d i r ec t ly  above or below t h e  a i r p l a n e  sym- 
bol,  the p i lo t  may readi ly  i d e n t i f y  lateral t racking deviat ions when they are 
coolbined with a v e r t i c a l  tracking e r ro r .  Figure 3 shows t h e  perspect ive view 
of the  shadow, the  a i r p l a n e  symbol, and t h e  pa th  when the  a i r p l a n e  is above and 
t o  the  l e f t  of the path. 

Alt i tude deviat ions from the  programed path  are also sho?m t o  t h e  p i l o t  i n  
numerical form i n  a box i n  t h e  upper right-hand corner of t h e  d i s p l a y  ( f ig .  4). 
The p i lo t  is expected t o  use t h i s  information when t h e  p a t h  and shadow are out  
of the  display f i e l d  of view, such as could occur during i n i t i a l  path captures.  

A fl ight-path predict ion veator (fig. 4) i n  t h e  horizontal  plane is 
attached to  the  shadow. 
shows the a i r p l a n e ' s  predicted path for t h e  next 10 aec based on t h e  a i r p l a n e ' s  
present bank angle and ground speed. An extended shadow cen te r  l i n e  drawn from 
tho apex o f  the shadow i n  the  d i r e c t i o n  of the  present track angle,  is a l s o  

The predict ion vector,  indicated by a dashed lim, 
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shown to a id  the p i l o t  with the lateral t r ack ing  taak. 
fl ight-path predict.im vector  and the present  track ind ica to r  wi th  the air- 
plane i n  a left bank of 13O. 

Figure 5 shows the  

The programed path is drawn i n  a t r u e  perspect ive view from t h e  observer 's  
The path disappears from t h e  d i sp lay  eye (behind and above the real a i rp l ane ) .  

when it is not within t h e  horizontal  and v e r t i c a l  f i e l d  of view. 
slsts of straight legs linked together by c i r c u l a r  s e m e n t s  to form a continuous 
path. A set of v e r t i c a l  poles,  one on each s i d e  of the  pa th ,  is drawn between 
the straight and c i r c u l a r  path segments so that the t r a n s i t i o n  between curved 
and straight legs is c l e a r l y  defined. Programed path a l t i t u d e  changes are drawn 
with a constant  (straight l i n e )  slope between way points .  A flight-path-angle 
scale is graduated i n  5O increments with a range of +2W. The zero f l ight-path-  
angle marks are elongated and centered on t h e  airplGe symbol. The flight-path- 
angle  scale is fixed v e r t i c a l l y  but  rotates wi th  t h e  a i r p l a n e  syasbol about its 
apex during banking maneuvers. Figures 4 and 5 show the  flight-path-angle scale 
dynamics with the airplane banking. 

A path con- 

Twin L-shaped bars (fig. 4) that move v e r t i c a l l y  on the  flight-path-angle 
scale provide the p i l o t  w i t h  an Earth-referenced a i r p l a n e  f l ight-path angle. 
The flight-pathoangle bars rotate wi th  t he  flight-path-angle acale when the 
a i r p l a n e  is banked. Figure 5 shows t h e  a i r p l a n e  below a programed ascending 
path of 3O. 
climb co r rec t ion  angle of 3O s i n c e  h i s  flight-path-angle bar8 are a t  60 ( 3 O  
steeper than the pa th) .  

The p i l o t  can see that he is c o r r e c t i n g  back t o  t h e  path a t  a 

A p o t e n t i a l  flight-path-angle box is drawn on t h e  left-hand side of t h e  
fl ight-path-angle scale (fig. 4). The p o t e n t i a l  f l ight-path-angle box i n e  l a t ea  
acce le ra t ion  i n  the  d i r e c t i o n  of the  a i r p l a n e ' s  flight path. 
flight-path-angle box is drawn r e l a t i v e  t o  the flight-path-angle bars so that 
t h e  p i l o t  can use the  p o t e n t i a l  box i n  conjunction wi th  t he  bars as a form of 
th rus t -  and energy-management ind ica to r s .  Figure 5 shows t h e  p i l o t  that he 
w i l l  maintain h i s  present  ground speed s i n c e  t h e  p o t e n t i a l  flight-path-angle 
box is adjacent  to  the flight-path-angle bars. 
the  bars, the  a i r p l a n e  would be slowing down; i f  it were above the ba r s ,  it 
would be speeding up. 

The p o t e n t i a l  

I f  the p o t e n t i a l  box were below 

The v e r t i c a l  angle of t h e  programed path is graph ica l ly  displayed t o  t h e  
p i l o t  w i t h  a truncated triangle, as shown i n  f i g u r e  4. The programed path-angle 
i n d i c a t o r  moves up and down on t h e  left-hand s ide  of the  fl ight-path-angle scale 
and points  t o  the programed path angle. 
gramed path angle is 3O up. 

Figure 5 shows that t h e  displayed pro- 

An a i rp l ane  track-angle scale (fig.  4) moves left o r  right as the  track 
of the  a i r p l a n e  changes. 
j u s t  above the track-angle scale po in t s  t o  the a i r p l a n e ' s  present track. 

A sapall t r i a n g l e  f ixed  to  t h e  cen te r  of t h e  display 

The Earth's horizon is represented by a s o l i d  l i n e  i n  t h e  upper t h i r d  of 
the  display.  
screen. 
a i rp l ane .  

The horizon remains f ixed  a t  a specified pos i t i on  on t h e  viewing 
The horizon I s  not affected by r o l l ,  p i t ch ,  or yaw motions of t h e  
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A ro l l  scale (fig. 4 )  is presented a t  the top  of the display.  U i n g s  l e v e l ,  
100, 200, 30°, and 4S0 t i c  marks are fixed a t  t h e  top of t h e  display.  A p o i n t e r  
moves under the  roll scale i n  the  d i r e o t i o n  of the bank angle. The roll po in te r  
rolls with the a i rp l anes  symbol and w i t h  fligtrt-path-angle scale during banking 
maneuvers. Figure 5 shws the a i r p l a n e  i n  a left bank of 13O. 

Coordinate Systems 

Figure 6 ahaus t h e  coordinate s y s t e m  used i n  t h e  generat ion of the PITS 
perspeat ive display.  Two reference axes systems, one system fixed t o  the Earth 
and t h e  o the r  attached to  the a i r p l a n e ' s  cen te r  o f  g r a v i t y ,  are shown. 

The Earth-fixed axes system is an orthogonal sys t ea  with the 2 axis 
pointing towards the center of the Earth. The X and Y axes are tangent 
fa the  Earth 's  surface.  

The moving reference axes system is also an orthogonal system attached t o  
the a i r p l a n e ' s  cen te r  of g rav i ty .  The X '  and Y f  axes remain In a plane tan- 
gen t  to the Earth.  The X '  axis p o i n t s  i n  t h e  ho r i zon ta l  d i r e c t i o n  of flight 
and the 2' axis p o i n t s  toward the Earth's center.  The moving axes do not 
rotate because of airplane bank, p i t ch ,  o r  yaw angles. 

The X f  a x i s  on the moving axes system was f ixed tangent t o  the Earth's 
su r face  t o  s implify the computational requirements i n  t h e  graphics computer. 
However, with t h i s  axes system, a i r p l a n e  maneuvers that include large flight- 
path angles (angles greater than 30°) could cause the display to  be drawn i n  a 
discontinuous and conf'bsing lliinner. 
the  display is being developed f o r  transport-type a i r p l a n e s ,  it was fe l t  that 
f i x i n g  the  X '  
the display development. 
tests, the  X f  uis w i l l  point  i n  both t h e  v e r t i c a l  and ho r i zon ta l  d i r e c t i o n  
of the flight path; t h i s  w i l l  enable t h e  p i l o t  t o  track a programed path w i t h  
large f l ight-path angles ( including loops wi th  a v e r t i c a l  angle change of 360O). 

However, for t h i s  i n i t i a l  effort and since 

axis on a plane tangent t o  the  Earth would not  adversely affect 
I n  f u t u r e  s imulat ions and when implemented for flight 

The eye pos i t i on ,  viewing screen,  and programed path are also shown i n  
figure 6.  
placement a l a  the X f  and 2' axes of the  moving r e fe rence  system. The 
programed f l i g h t  path I s  fixed wi th  r e spec t  t o  the Earth-fixed r e fe rence  
system. 

The eye pos i t i on  and viewing screen are held a t  the  constant  d i s -  

During t h e  drawing of the  perspect ive path,  the  graphics  computer simula- 
t i o n  program keeps track of the  a i r p l a n e ' s  (moving r e fe rence  system) pos i t i on  
and d i r e c t i o n  wi th  respect to  the Earth-fixed axes. I n t e r n a l  computer algo- 
rithm perform t h e  transformations required f o r  drawing the  perspect ive path 
on the  viewing screen. 

Geometric Parameter Adjustment 

FIgur6 7 shows the  geometric parameters that may be adjusted so that v e r t i -  
oal and lateral navigation deviat ions,  a i r p l a n e  p i t c h  and r o l l  changes, and the 
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pred ic t ion  vector  are r e a d i l y  detected by the pilot .  
n i tudes  of them parameters is sub jec t ive  in nature  although the rragnitudes of 
these p a r a m t e r s  are a functim of the required accuracy of the  tracking task. 

The s e l e c t i o n  of the mqj- 

Each of the ad jus t ab le  parameters has mul t ip l e  effects on the perspect ive 
However, wi th  a feu assumptions, the order of selec- drawing of the display.  

t i o n  of these parameters and a range of magnitudes m y  be specified. 

The f i e l d  of view is se lec ted  first. The POV is defined as twice the -le 
between the horizon l i ne  on the veiwing screen and either the top  or bottcm of 
the viewing screen, whichever is large. ( I n  flg. 7, t h e  FOV is twice the arc 
.easured frol the horizon to t h e  bot- of the screen.) 
is dram other than at the v e r t i c a l  cen te r  of the  viewing screen, a port ion of 
the  display w i l l  be cl ipped off and w i l l  result in a smaller actual FOV. The 
actual angle between the t o p  and bottom of the view- screen is called the  
e f f w t i v e  f i e l d  of view (EPOV). 

If the hor i zon ta l  line 

that Z e  and zs remain constant ,  increasing the FOV moves the 
eye pos i t i on  closer to the viewing screen. 
t i v e  drawing of the display.  
path. 
t h e  path m y  be var ied i n  size independently of a l l  other p a m m t e r s ,  or the 
horizontal  FOV may be changed independently of the  v e r t i c a l  FOV. 
zontal and v e r t i c a l  FOV were t he  same throughout the i n i t i a l  d i sp l ay  development. 

This has two effects on the perapec- 
The first effect is an inc rease  in t he  size of the 

Se lec t ions  of the FOV should not depend on t h i s  effect, however, since 

Both the hori- 

The second effect of i nc reas ing  the FOV is an adJust8ent of the  eye posi- 
t i o n  so that the  p i l o t  looks more on the top of the a i r p l a n e  syrbol and path 
and less toward the rear of the  airplane symbol. 
since it affects t h e  d i s t i n g u i s h a b i l i t y  of both the lateral and v e r t i c a l  path 
dev ia t ions  and the pitch and roll mvememts of the  a i r p l a n e  symbol. 
development of the  PITS d i sp lay ,  it was found tha t  the FOV of 600 (WOV L 450) 
resulted i n  good d e f i n i t i o n  of v e r t i c a l  and lateral path deviat ions.  

Eye pos i t i on  is important 

During the 

The magnitudes of Z e  and zs for a given POV also vary t h e  size of t h e  
a i r p l a n e  symbol, shadow, and path by moving the  a i r p l a n e  closer or farther away 
from t h e  viewing screen. 
the a i r p l a n e  symbol is displayed to  t h e  p i l o t .  However, c e r t a i n  ranges of m- 
ni tudes  are suggested by the required accuracy of t h e  t racking task and tend to 
be the  dominant f a c t o r  i n  choosing the  magnitudes of Z e  and zs. 

They too can affect how much of the top and rear of 

The parameter zs may be thought of as t he  maximum h e i g h t  that t h e  air- 
plane may be above the path before t h e  shadow disappears  from the  bottom of the 
display.  Though larger v e r t i c a l  dev ia t ions  from t h e  path would be presented i n  
d i g i t a l  form i n  the  a l t i t u d e  deviat ion box, the  p i c t o r i a l  presentat ion of v e r t i -  
cal  deviat ion would b o s t .  

The parameter Z e  is t he  v e r t i c a l  deviat ion t h a t  the a i r p l a n e  may be below 
the path wi th  the  p i l o t ' s  eye looking d i r e c t l y  a t  t h e  rear of t h e  shadow path. 
With t h i s  v e r t i c a l  deviat ion,  the shadow and path w i l l  appear as a straight l i n e  
parallel t o  t h e  horizon and w i l l  g ive  no lateral navigat ion-si tuat ion i n f o r m -  
b . m .  If the  a i r p l a n e  dev ia t e s  farther below t h e  path,  however, lateral guid-  4.1 
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ancs oues w a i n  become uaabls unti l  the shadm di8appears fror the top of the 
diaplay . 

f t  b a s  sub jec t ive ly  determined during the  i n i t i a l  display development that  
the! va1.w o f  Zg Can be 1 t o  1.5 thee that of zs. The actual m~pitUde8 of 
z,, and zs are a function of the vertical-tracking-accuracy r e q u i r e m t a .  
Dependilrg upon the tracking task, t h e i r  m i t u d e s  should be selectable by the 
p i l o t  dwing actual f l i gh t  operatima. 
select path capture ,  en-route tracking, and approach tracking options.  During 
r?r,-ro~tS t racking,  Z g  and zs should be approxinately 150 to  300 II (492 to 
9Rb it) ; during approach tracking, 30 t o  90 m (98 t o  295 f t )  . 

A mode switch may allow t h e  p i lo t  to  

Path width is independent of a l l  other geometric parameters. It nus t  be 
specified so that the p i l o t  has no t roub le  seeing t h e  a i rp l ane ,  shadow, and 
path symbology i n t e r a o t i o n s  on the viewing screen. However, if the path width 
I s  to0 large, the shadow w i l l  appear to be within the path even though the air- 
plane is o f f  the path cen te r  l ine.  The p i l o t  w i l l  not  be compelled to correct 
to ttta path cen te r  and d e c r e a m  lateral traaking accuracy w i l l  r e s u l t .  
t una te ly ,  when Z e  and zs are adjusted for high precis ion path tracking, t h e  
path widen8 in the screen. 
Proper proportioning on the viewing screen. 
mller path dev ia t ions  to be detected. 

For- 

The path width may then be  reduced t o  maintain 
The reduced path w i d t h  w i l l  allow 

The a i r p l a n e  symbol and shadow size are adjusted t o  f i t  the  path width. 
U t he  shadw and a i r p l a n e  symbology are as  wide as  the path, an i l l u s i o n  of 
gcing ou t s ide  t h e  path during a tu rn  occurs. This is caused by the  af t  end of 
the  shadow and a i r p l a n e  aymbol swinging outs ide t h e  pa th  while the  apex ( t r u e  
a i r p l a n e  posi t ion)  stays on the path cen te r  l i n e .  If t h e  a i r p l a n e  and shadow 
-logy a m  drawn approx imte ly  two-thirds t o  three-fourths the  width OP t h e  
path, t h i s  i l l u s i o n  does not occur. 

PITS Total Format 

Figures 8 to 12 are included t o  show the  symbology i n t e r a c t i o n  of t he  t o t a l  
Various a i r p l a n e  attitudes and displacements from t h e  programed f l Q h t  display.  

path are shown. 
described through the  d i sp lay  symbology. 

The pi lo t ' s  a c t i o n s  t o  maneuver t h e  a i r p l a n e  t o  the pa th  are 

The geometric parameters used for f i g u r e s  8 t o  12 are given i n  the  follow- 
ing table:  

~ V , d e 6  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  60 
ze, m (ft) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  152.4 (500) 
zs, m ( f t )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  152.4 (500)  
Pa th  wid th ,  m ( f t )  . . . . . . . . . . . . . . . . . . . . . . . . . .  122 (400) 

Figure 8 shows the  a i r p l a n e  displaced to  t h e  right of t he  path.  The pres- 
e n t  track po in te r  ( t h e  dashed l i n e  frm the  shadow extending straight ahead) 
i nd ica t e s  t h a t  t h e  a i r p l a n e  is f l y i n g  toward t h e  path.  However, t h e  f l igh t -pa th  
predict ion vector  i n d i c a t e s  t ha t  the p i l o t  is decreasing the i n t e r c e p t  angle  
w i t h  a bank angle  that w i l l  allow the  a i r p l a n e  t o  f l y  t angen t i a l ly  to the center 
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of the programed path. 
of the a i rp l ane  symbol and the  stiaow are superimposed and t h e  a l t i t u d e  devia- 
t i o n  box is d i g i t a l l y  ind ica t ing  0 v e r t i c a l  displacement. 
bars are ind ica t ing  that t h e  a i rp l ane  is maintaining a zero f l ight-path angle  
( l e v e l  f l ight) .  These bars coincide with t h e  v e r t i c a l  angle  of the  programed 
path t h a t  is indica ted  by the programed path-angle ind ica to r  ( t runca ted  t r i an -  
gle). The a i r p l a n e ' s  cur ren t  ground speed w i l l  be maintained s ince  t h e  poten- 
t i a l  fl ight-path-angle box is even with the  fl ight-path-angle bars. 

The a i rp l ane  is at  the proper a l t i t u d e  s i n c e  the  apex 

The flight-path-angle 

Figure 9 shows the  airplane displaced 45 m (148 f t )  below t h e  path. 
a i rp l ane  is climbing at a f l igh t -pa th  angle  of 7O to  in t e rcep t  the  programed 
path.  The  path has an ascent  of  3O that is indicated by t h e  programed path- 
angle indica tor .  Hence, t h e  airplane is cor rec t ing  back t o  the path with a 
v e r t i c a l  i n t e rcep t  angle of bo ( t h e  d i f fe rence  between t h e  programed path angle  
and the  airplane's f l i g h t - p a t h  angle) .  The a i rp l ane ' s  present  ground speed 
w i l l  be maintained s ince  the  po ten t i a l  f l ight-path-angle box is even wi th  t he  
flight-path-angle bars. 
the  a i rp l ane  has the  proper bank angle  t o  remain l a t e r a l l y  on t h e  path during 
the programed turn .  

The 

The curved f l igh t -pa th  pred ic t ion  vec tor  shows t h a t  

Figure 10 shows t h e  a i rp l ane  displaced 30 (99 f t )  above the  programed 
path.  
i nd ica to r  po in t ing  t o  zero)  a t  an angle  of descent of 3 O .  
path-angle box is above t h e  flight-path-angle bars, which ind ica t e s  t h a t  the  
a i rp l ane ' s  ground speed is increasing.  The f l ight-path predic t ion  vec tor  shows 
that the  bank angle  is s u f f i c i e n t  f o r  the  a i rp l ane  t o  remain on t h e  path during 
the turn.  

The airplane is descending t o  the  l e v e l  f l i g h t  path (programed path-angle 
The po ten t i a l  f l igh t -  

Figur : 11 shows the  a i rp l ane  displaced 48 m (159 f t )  below and t o  t h e  left  
of a turning,  ascending (angle  of 3 O )  programed path. 
bars ind ica t e  t h a t  the a i rp l ane  is converging t o  t h e  path a t  a v e r t i c a l  angle  
of bo. The po ten t i a l  f l igh t -wth-angle  box shows thef t he  present  bank angle  
w i l l  allow t h e  a i rp l ane  t o  capture  t h e  path tangent ih l ly .  

The fl ight-path-angle 

Figure 12 shows t h s  a i rp l ane  displaced 12 m (40 f t )  above and t o  t h e  lef t  
of a path w i t h  an angle  of ascent  of 3 O .  
path wi th  a v e r t i c a l  angle  of 2O and ground speed is increasing.  
path pred ic t ion  vector  shows tha t  t h e  present  bank angre is appropriate f o r  t h e  
a i rp l ane  t o  capture  the  path l a t e r a l l y .  

The a i rp l ane  is converging t o  t h e  
The f l i gh t -  

CONCLUDING REMARKS 

Advances i n  the  state of the art of cathode-ray-tube (CRT)  and micropro- 
cessor design technology have r e su l t ed  i n  t h e  increased use of t h e  CRT i n  
advanced cockpit  design. 
poss ib le  s i g n i f i c a n t  changes t o  d isp lay  symbology. 
t h e  p i l o t  t o  complete a f l y i n g  task may be in tegra ted  i n t o  a more understand- 
able manner so t ha t  t he  p i l o t ' s  work load could be reduced. 

The f l e x i b i l i t y  of fe red  by t h e  CRT d isp lays  makes 
Information required by 

The path-in-the-sky (PITS) concept is a contact  analog d i sp lay  that g ives  
the p i l o t  information on a i rp l ane  a t t i t u d e ,  a i rp l ane  kinematic performance, 
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and navi@ion s i t u a t i o n .  The coordinate  systems used t o  generate  the  PITS 
diaplay allow the  p i l o t  t o  sete h i s  pos i t i on  r e l a t i v e  t o  a programed f l igh t  path 
i n  a p i o t o r i a l  form. Predic t ive  information is a l s o  presented i n  t h e  form of a 
horizontal  f l ight-path pred ic t ion  veotor. 

A l l  t h i s  information is in tegra ted  i n t o  one d isp lay  i n  a s implif ied format. 
Hence, t h e  po ten t i a l  exists t o  reduce p i l o t  work load by reducing t h e  required 
instrument scan and by making the  i n t e r p r e t a t i o n  of symbology easier. 
evaluat ion of the  PITS d isp lay  and its effects on p i l o t  work load m u s t  be accom- 
pl ished i n  simulation and fl ight.  

P i l o t  

Langley Research Center 
Natioaal Aeronautics and Space Administration 
Hampton, VA 23665 
September 22, 1977 
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(a) Above path. 

Altitude deviation 

i b )  Below path. 

Figure 2.- Airplane symbol and shadow Intcraotlom during altitude deviations. 
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Fmre 3.- Airplane above and to l e f t  of path. 
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